Diameter at breast height (DBH) is commonly used to predict the 10 aboveground biomass (AGB) of forest and to derive biomass models of single tree.
. For example, the measurement errors in the predictor 76 variables of a simple linear function can attenuate the value of the slope parameter, 77 resulting in a weaker relationship between the predictor variables and response 78 variables (Fuller 1987) . Moreover, forest AGB predictions at large spatial scales usually 79 need NFID as the input variables. When these input variables are used in a specific 80 model, measurement errors in these variables also affect the results. 81 The effects of measurement error on the uncertainty of predictions have also been 82 investigated. Using Taylor series expansion and empirical comparisons between two 83 volume growth prediction methods, Suty et al. (2013) showed that volume growth 84 models are fairly insensitive to random measurement errors in the Swedish National 85 Forest Inventory (NFI). Arias-Rodil et al. (2017) showed that the accuracy of tree D r a f t 97 studies considered how measurement errors affect AGB estimates in large area.
D r a f t study area, a total of 109 permanent plots (Fig. 1) were established in 2009 and used to 120 estimate forest AGB. The size of the plots was 28.3 m × 28.3 m. All plots were 121 systematically allocated based on a grid of 4 km × 6 km and were re-measured at five 122 years intervals. A total of 8179 trees with DBH larger than 5 cm were measured. where was the mean of DBH 1 and DBH 2 , DBH 1 was the first measurement value, D 174 and DBH 2 was the second measurement value. (ⅱ) All trees were separated into n 175 groups after sorting. To generate enough groups and avoid having many diameter 176 classes in each group, 15 trees were placed in a single group. If there were less than 15 177 trees in the last group, they were placed in the previous group. (ⅲ) For the ith group, 178 the mean of the measurements and the SD of the differences between the two 179 measurements were estimated as:
where is the mean of the measurements in ith group, is the mean of D r a f t 207 predicting individual tree AGB was expressed as:
where 、 were the new parameters for the ith repeating .
After ith repeating, the coefficient of variation (CV) was used to assess the impact 211 of measurement errors on the parameters and was calculated as:
where and are the standard deviation and the mean value for 、
after 2000 simulations.
215
After ith repeat, we obtained a very strong correlation between the parameters.
216
The relationship was expressed as:
where ， are the parameters for equation (8).
Simulating uncertainty 220 In general, two methods are used to quantify uncertainties. The first is the error 221 propagation approach which assumes that the error sources between each other were D r a f t
229
Step 1 
within j th plot. Then, the new DBH value for each element in the NFID was calculated 235 as:
,where is the new DBH for i th tree within j th plot, and , ,
is the original measurement value.
237
Step 2 Selecting individual tree AGB model parameters parameter randomly selected for k th replication.
246
Step 3 Mean AGB estimation per unit area and uncertainty simulation 247 (1) For the i th tree on the j th plot, an AGB prediction was simulated using the ' 
250
(2) The total biomass for the j th plot was calculated as where n is the where m is the number of the plot.
257
Step 4 Steps 1-3 were replicated, the mean of AGB per unit area and variance over 258 replications were calculated following Rubin (1987) . The effects of each type of measurement error on AGB estimates was quantified 316 under different assumptions of error (Table 2) . After 2000 replications, the relative 317 uncertainty caused by measurement error in NFID increased from 0.18% to 0.90% as 318 the error levels decreased from 2% to 10%. However, for the uncertainties caused by 319 CDS, the relative uncertainty increased from 1.89% to 8.6%.
320

Discussion
321
In recent years, there has been a strong focus on assessing uncertainty in estimates 322 of forest biomass, with many studies quantifying how sources of error influence 323 estimates of forest AGB (Shettles et al, 2015; Picard et al, 2015; Chave et al, 2004) . 324 However, studies investigating the impact of measurement errors on estimates of forest 325 biomass have primarily focused on measurement errors in NFID. However, this study 326 showed that the uncertainty caused by measurement errors in CDS should not be 327 overlooked. Thus, it is incorrect to assume that certain variables especially the variables 328 in CDS, have no error or have insignificant effect on outputs. We also showed that the 329 measurement error, especially in CDS, increased significantly with increasing 330 assumption of error. Thus, particular care should be taken when assuming error levels 331 in relevant studies, to avoid obtaining erroneous results and incorrect interpretations.
D r a f t two types of measurement error generates a marked difference under the same D r a f t measurement errors in NFID or CDS ( Fig.7 (B) , Fig.7 (C) D r a f t 
